Both in clinical practice and medical research, blood pressure is still largely measured by auscultation using a mercury sphygmomanometer. Blood pressure is the most important predictor of life expectancy. Treatment of high blood pressure reduces strokes, heart attack and heart failure. Accurate measurement is therefore essential. At a large London teaching hospital, just under 500 mercury sphygmomanometers and their associated cuffs were examined. More than half had serious problems that would have rendered them inaccurate in measuring blood pressure. At the same time, assessment of the technical knowledge needed to measure blood pressure by the ausculatory technique was also carried out amongst medical and nursing staff. This showed a considerable level of ignorance. These results inevitably lead to inaccurate measurement of blood pressure with serious consequences. In addition mer-
Introduction
Increasing blood pressure is the major cause of strokes and a major cause of coronary heart disease, the commonest causes of death and disability in the world. 1 Assessment and treatment of those with high blood pressure as well as strategies to lower the whole population's blood pressure are of immense benefit. Accurate blood pressure measurement is also important as an indicator of cardiovascular homeostasis in acutely ill patients. Blood pressure is still largely measured by auscultation using a mercury sphygmomanometer and cuff and listening for the Korotkoff sounds in order to measure systolic and diastolic pressure. The mercury sphygmomanometer is now over 100 years old 2 and the Korotkoff sounds were first described in 1904. Mercury sphygmomanometers and their cuffs are prone to numerous problems and need to be regularly serviced. At the same time, auscultation requires considerable clinical expertise to obtain accurate measurements, with continuing confusion about the measurement of diastolic pressure.
Anecdotal reports from hospitals and family practices in the United Kingdom suggest that many mer-cury is a non-degradable pollutant, eventually accumulating on the sea bed. The use of mercury in sphygmomanometers is already in the process of being eliminated in Scandinavia and Holland and other countries are likely to follow. Our results suggest that mercury sphygmomanometers are not adequately maintained and require expertise that is not available for accurate measurement of blood pressure. Their use should be dispensed with on these grounds before a ban for other and, perhaps less justifiable reasons. Validated automatic devices, which are less liable to measurement and observer error should be used instead. At the same time a concerted effort is needed to instruct health care professionals on the importance of more accurate measurement of blood pressure. Journal of Human Hypertension (2000) 14, 31-36 cury sphygmomanometers are defective, with poor maintenance. At the same time several studies have shown a lack of knowledge of the technical aspects of blood pressure measurement in both doctors and nurses. [3] [4] [5] [6] We therefore decided to survey a large teaching hospital to check: (a) what equipment was available to measure blood pressure; (b) whether the equipment was in good working order; (c) to record faults; and (d) to assess the knowledge of blood pressure measurement in medical and nursing staff, both by questionnaire and in some instances by direct observation.
Methods

Equipment
Research nurses from the Blood Pressure Unit, systematically identified all the blood pressure measuring devices in the hospital, including wards, operating theatres, out-patient departments, medical and nursing teaching areas. No notice was given of the intended visit. Approval of the person in charge of the unit was obtained and no unit refused. The mercury columns were examined for clarity of calibration, visibility of the mercury meniscus and whether the mercury column contained debris. Columns were checked to see that the mercury column on deflation descended to zero and that the column Journal of Human Hypertension of mercury was at the correct angle for the model of sphygmomanometer.
Cuffs were examined for cleanliness, damage and size of the enclosed bladder was compared with the cuff size. The tubing was tested for leaks and visually inspected to see whether the rubber had perished. Release valves were tested for stiffness and whether they leaked when operated.
Knowledge
Hospital doctors and hospital nurses answered structured questionnaires, largely derived from the British Hypertension Society guidelines. In addition, the same questionnaire was given to practice nurses and nurses from other hospitals attending an educational meeting on high blood pressure. The survey of the medical students and student nurses were not included in the analysis.
Observation of measurement of blood pressure
Unselected nursing staff were observed during the measurement of blood pressure and specific points were noted about the technique of blood pressure measurement. Members of staff and patients involved gave their consent to being observed. 
Results
Equipment
Fifty-five in-patient and day case wards, 18 outpatient departments, including Accident and Emergency, three radiology areas, five operating theatres and the teaching areas in the Medical and Nursing School were studied.
Electronic
sphygmomanometers: Seventy-seven electronic machines of various makes were found mainly in ITU, Renal Unit, Accident & Emergency, and operating theatres. Very few of these machines have been validated according to the British Hypertension Society protocol, 7 or to the American National standard.
8 These machines were not tested any further.
Aneroid sphygmomanometers: Seventeen aneroid sphygmomanometers were found. In 12 of these, the needle deviated from 0 by more than 5 mm Hg. In one machine the needle was stuck at 120 mm Hg.
Mercury sphygmomanometers: A total of 469 mercury sphygmomanometers were found and tested. Twenty-five had vital missing components making them unusable. These were not tested further. Of the 444 machines remaining, 167 (38%) had dirty columns, 95 (21%) of these were due to oxidization of the mercury so that the calibration markings were obscured making it difficult to read the level of the mercury column (Figures 2 and 3 ). In 81 (18%) the column containing the mercury had either been rotated or the markings on the columns were badly faded; both of these faults making it difficult to read the level of the mercury meniscus. In 91 (20%) the column of mercury was not at the correct angle ( Figure 4 ). In three, mercury had leaked into the metal box ( Figure 5 ). One machine had so little mercury in the column that when it was inflated, air bubbled through the mercury in the column (nicknamed the dancing sphygmomanometer) and yet was still being used. A total of 168 (38%) of the sphygmomanometer tubings were perished, mainly at the junction to the mercury reservoir ( Figure 1) .
Cuffs: A total of 668 cuffs were found and examined: 177 (26%) of the cuffs were visibly dirty and had not been recently washed; 54 (8%) were worn out, damaged or had splits. Remarkably, seven were held together by safety pins and/or adhesive tape ( Figure 6 ). In one cuff there was a small hole in the bladder where the tubing joined. This cuff was still being used in an out-patient clinic by placing a thumb over the hole (Figure 7 )! Another 335 (50%) had velcro cuffs and 118 (35%) of these did not stick well resulting in the cuff bursting apart when inflation above 180 mm Hg was applied. In some instances, patients held the cuffs together to stop them bursting whilst the nurse inflated the machines (Figure 1) .
Seven of the cuffs contained the wrong-size bladders for the size of cuff. This would lead to serious errors even with well-trained personnel. For instance, one cuff had a normal sized bladder folded back on itself so it was, in effect, half the size that it should have been. This was being used in a ward and led in one patient to blood pressure being recorded pre-operatively at a very high level with cancellation of the operation, when in reality the blood pressure was well within the normal range (Figure 8 ).
Cuff size: Out of the 82 wards and departments, 63 only had small adult cuffs (23 × 12.5 cm) available. Nineteen areas had a choice of cuffs of varying lengths and widths, ranging from 29 to 59 cm in length and 10 to 21 cm in width. The British Hypertension Society guidelines recommend that there should be three cuff sizes available: (1) 23 × 12.5 cm for a normal adult; (2) 35 × 12.5 cm for large adults; (3) 42 × 15 cm for very large adults.
Cuff tubing: A total of 212 (32%) were found to have tubing that was badly perished, usually at the junction of the tubing with the bladder. Maintenance: Service history was only known for 23 out of 444 machines examined. Most of the staff were unaware that sphygmomanometers needed regular servicing. Machines appeared only to be sent for repair when they were completely unusable. Little notice appeared to be taken of torn, worn-out or dirty cuffs, leaking tubing or obvious faults with the sphygmomanometer.
The Medical Physics Department in the hospital does provide a system whereby faulty machines could be exchanged for serviced machines, but most staff were either unaware of the service, or took little advantage of it.
Survey
One hundred and seventy qualified nurses, 109 medical staff and 11 nursing tutors completed the questionnaire.
The last training the nurses received on blood pressure measurement, varied between 1 to 30 years (approx. mean 10) and for the doctors it was between 2 to 40 years (approx. mean 15), nursing tutors were last trained between 3 to 31 years (approx. mean of 19). Just over 50% (90) of nurses and 9% (10) of doctors admitted to being unfamiliar with the term Korotkoff sound. Thirty-three percent (56) of nurses and 41% (45) of doctors were still
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Figure 4
The angle of sphygmomanometer is way out of line and should be at right angles to the box. measuring the diastolic pressure at 4th phase (muffling), rather than the 5th phase (disappearance) (BHS guidelines).
Although the majority of staff agreed that the cuff size was important, only 18% (30) of the nurses and 32% (35) of the doctors and 45% (5) of the tutors knew that the bladder should encircle at least 80% of the arm circumference (BHS guidelines). The majority of staff (133 nurses, 69 doctors and 9 tutors) seemed to be under the misapprehension that the sphygmomanometer should be placed at the same level as the patient's heart. Reassuringly, 85% (142) nurses, 86% (94) doctors and 91% (10) tutors said the cuff should be level with the heart. The correct deflation rate of the sphygmomanometer was not known in 61% (104) of the nurses and 38% (42) of the doctors. Similar results were found in 199 practice nurses and 121 nurses from other hospitals, who were assessed at an educational meeting held by the Blood Pressure Unit on high blood pressure.
Observation
Twenty-nine nurses were observed whilst measuring blood pressure. Eleven out of 29 sphygmomanometers were placed well below the eye level, ie nurse standing with the sphygmomanometer placed on the bed. Eight were placed above eye level with the nurse sitting down and the sphygmomanometer on top of the locker. All staff were observed using the correct cuff size (23 × 12 cm) for their patients, but none had any other cuff sizes available. Only one out of 29 palpated the radial artery during the initial inflation. Eight did not position the cuff correctly so that the bladder was not placed over the brachial artery but on the back of the arm. Ten out of 29 deflated the cuff very quickly from 6 to 10 mm Hg per heart beat. In eight patients the arm was held above the level of the heart whilst measuring the blood pressure.
Discussion
This study shows that in a large London teaching hospital, the commonest method of measuring blood pressure is by auscultation with a mercury sphygmomanometer. The study demonstrates that the majority of the mercury sphygmomanometers, and their associated cuffs and tubing, had serious problems which would give rise to major errors in blood pressure measurement. These findings are unlikely to be unique to this particular hospital. A smaller survey at two hospitals, in Birmingham 9 and another in Dublin, 10 showed a similar picture and anecdotal reports that we have heard subsequently from other hospitals in the UK support this.
Mercury sphygmomanometers, when properly maintained and serviced, and when used by knowledgeable health professionals, can give accurate indirect measurements of both systolic and diastolic pressure. However, our survey of the knowledge of the technical aspects of blood pressure measurement and direct observation confirm other studies, that in both nursing and medical staff there is a lack of understanding of how to measure blood pressure by auscultation. [3] [4] [5] [6] Furthermore, it was clear that the teaching of accurate blood pressure measurement was inadequate for both nursing and medical staff. In particular, staff were being taught using defective sphygmomanometers and not being given clear instructions about whether to use the fourth or fifth sound for diastolic pressure. Observation of nursing staff measuring blood pressure confirmed these findings.
Mercury is a serious non-degradable pollutant, which eventually accumulates on the sea bed with contamination of marine life. 11 It would appear inevitable that a slow-moving European bureaucracy will eventually ban the use of mercury and this, at least in Europe, would mean the eventual elimination of mercury sphygmomanometers. 12 Indeed, this is already taking place in Sweden and Holland. In the UK some hospitals are vaguely aware that mercury sphygmomanometers are being phased out, but there appears to be no systematic approach to replacement, each hospital or individual unit within a hospital buying equipment seemingly on a whim. The majority of these machines are not validated either to the BHS protocol 7 or AAMI. 8 Some of these machines are already known to be inaccurate. One
Journal of Human Hypertension Figure 7 Rubber bladder that had a hole in that was still in use in out-patients. A finger was pressed on to the bladder to stop it leaking. Illustrated is the finger inside the bladder to show the extent of the hole.
possible, but probably disasterous, alternative would be to switch to aneroid sphygmomanometers, but as shown in the limited number assessed in our study, they are inaccurate and still require a detailed knowledge of the technique of auscultation.
Electronic sphygmomanometers are now available which are no more expensive than mercury sphygmomanometers. However, so far only one has been properly validated according to the BHS and American Standard Agency protocol. 13 Experience in the specialised environment of the Blood Pressure Unit suggests that this particular make, although designed for use at home, stands up well to continued use. However, experience in a medical ward for general use showed that these particular machines are too easily broken and a machine is needed that is more sturdy so that they could be transported easily and safely between patients. Assuming that these and other validated machines will stand up to such use they have considerable advantages. They eliminate observer error and print the blood pressure measurements with the date and time. Secondly, they require less servicing and maintenance than mercury sphygmomanometers although they do need to undergo regular checks with time to ensure no measurement drift. 12 Thirdly, and most importantly, they require far less expertise to use. However, they do still require a cuff and Figure 8 Illustrates the difference in bladder size when it is folded in half and inflated giving a very inaccurate blood pressure measurement.
errors can occur if the wrong size of cuff is used or inappropriately applied. Much greater effort will need to be put into teaching medical and nursing staff on how to select and apply the right size of cuff, and position of the patient's arm in relation to the heart and maintenance of the cuff tubing in good working order.
It is ironic that in the days of coronary angiography and magnetic resonance imaging we still continue to use a 19th century machine to measure the most important predictor of life expectancy. Our results clearly indicate that the time has come to dispense with the mercury sphygmomanometer. Nevertheless, a few will need to be retained in pristine condition in specialised centres akin to the keeping of dangerous viruses or bacteria as they will be needed in order to validate new automatic devices and the continuing accuracy of automatic devices in use. There needs to be a coherent plan of action to replace mercury sphygmomanometers with accurate semi-automatic electronic sphygmomanometers.
Conclusion
Mercury sphygmomanometers have outlived their usefulness in the practical realities of modern medicine. They should be dispensed with now and we should not wait until their inevitable proscription.
